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staff in early June 1996 revealed that 12 of 13 nests at the demonstration site 
were located in the halophyte plot. Water entering the halophyte plot during 
the spring of 1996 averaged about 1600 pg/L selenium (Westside Resource 
Conservation District, 1996). Representative sample eggs from 7 stilt nests con- 
tained a geometric mean selenium concentration of 58 mg/kg. Assuming that 
these stilts fed mostly in the halophyte plot, a mean egg selenium of 58 mg/kg 
is consistent with the water-to-egg regression for Tulare Basin stilt eggs (see point 
R plotted on Fig. 4). Overall, the status of 30 stilt embryos was determined, of 
which 17 (56.7%) were teratogenic (Skompa et al., unpublished data). That is 
the highest incidence of selenium-induced avian teratogenesis reported by any 
field study to date, and it is consistent with the predicted rate of 50.4% based 
on the selenium content of the 7 sampIe eggs and the response curve for stilts 

, presented in Figure 2. The status of 7 killdeer (Charadrius vocifems) embryos 
was also determined of which 1 (14%) contained a teratogenic embryo. Three 
representative sample eggs for killdeer contained a geometric mean selenium 
concentration of 19 mg/kg, but the teratogenic egg contained 57 mg/kg. Killdeer 
feed in upland as well as aquatic habitats and typically exhibit lower mean 
exposure to selenium than stilts when the two species co-occur at the same site 
(Skompa et al., unpublished data). 

During the summer of 1996, the method of water delivery to the solar 
evaporator was modified to provide a more even distribution of water, and this 
measure is expected to eliminate the ponding of water. Additionally, a wildlife 
monitoring and management program was devised in an attempt to prevent 
future avian nesting. in the halophyte plot or elsewhere at the demonstration site 
(Westside Resource Conservation District, 1996). 

C. Other Case Studies 

I. Sweitzer Lake, Colorado: Mining Drainage?/Ambient Seleniferous Geology?/ 
lmgation Drainage 

Sweitzer Lake (aka Garnet Mesa Reservoir; C1 in Fig. 1) near Delta, Colorado, 
was built in 1954 for recreational purposes. Sweitzer Lake occurs in an area with 
naturally seleniferous geological formations, but there is also a great deal of 
mining activity and irrigation drainage in the regions surrounding Sweitzer Lake 
(Barnhart, 1957). It is unestablished, however, how much of the cumulative 
selenium\loading into Sweitzer Lake is of natural versus anthropogenic origins. 
Initial (1950s) water sampling revealed concentrations of selenium exceeding 
100 pg/L. Biotic selenium concentrations as high as about 20 mg/kg in benthic 
food chain fauna, and 40 mg/kg in fish hepatic tissue, were reported (Table 1). 
This level of exposure was associated with progressive mortality of stocked game 
fishes (7 species) attributed to excessive dietary intake of selenium (Barnhart, 
1957; Lemly, 1985a; Butler et al., 1991). 













C. Offstream Versus lnstream Aquatic Systems 

All 12 real-world toxic episodes of'selenium exposure presented in this chapter 
are from off-stream aquatic environments. This pattern in nature probably explains 
why advocates for strengthening or relaxing regulatory criteria for aquatic sele- 
nium generally are polarized along a boundary that separates scientists whose 
primary experience is with off-stream systems from those whose primary experi- 
ence is with in-stream systems. This axis of contention persists, at least in part, 
because it has not been demonstrated to any degree of scientific certainty whether 
the lack of well-documented in-stream toxic episodes is the result of categorical 
differences in toxic risk or the result of categorical bias against documenting in- 
stream risks (due to methodological constraints associated with studies of in- 
stream biota). 

Two primary factors have greatly facilitated documentation of off-stream 
toxic episodes. First, off-stream case studies of fish have dealt with demographi- 
cally closed populations. For demographically closed populations, even moderate 
selenium-induced reproductive deficiency leads to population collapse, an easily 
detected secondary response. Second, offlStream case studies of demographically 
open bird populations have relied on sampling eggs (embryo viability). Selenium- 
impaired embryo viability is a primary response not dependent on demographi- 
cally closed populations for valid assessment of population response. Equally 
important, samples of bird eggs'provide unbiased measures of biotic response 
to selenium exposure because'the health of the embryo inside the egg does not 
influence a scientist's probability of sampling the egg, whereas samples of free- 
living birds or fish are "self-selected" to be insensitive (biased) measures of biotic 
response because only survivors (live specimens) are sampled. Clearly, only eggs 
provide unbiased exposure-response data in field studies. 

Unfortunately, most in-stream studies of biotic response to selenium expo- 
sure are based on samples of free-living fish (biased survivors) from demographi- 
cally open populations (i.e., populations that are regularly replenished by immi- 
gration of individuals from outside the segment of water being studied). Thus, 
it is common for in-stream studies to report the counterintuitive combination of 
abnormally elevated levels of selenium in fish tissue associated with what is 
viewed as a normally abundant and diverse fish fauna. It is then usually concluded 
that conventional wisdom regarding toxic thresholds for selenium, as derived from 
clinical data and off-stream field data, does not apply to the in-stream case at 
hand. Such studies meet neither the closed-population nor the unbiased expo- 
sure-response sampling criterion of a typical off-stream study and therefore are 
categorically very low power approaches for detecting toxic episodes. 

To further illustrate this point, consider the six irrigation drainwater case 
studies summarized in this chapter. In all cases, normally abundant and diverse 


























